We hypothesised that two new silicone disposable laryngeal mask airways, Meditech Systems Limited (MSL) and ProAct (PA), would perform similarly to the Classic™ Laryngeal Mask Airway (cLMA) in spontaneously breathing adult patients. One hundred and twenty consecutive adult patients were prospectively enrolled and randomly allocated to one of three groups (PA, MSL, cLMA). All patients received a standardised anaesthetic and insertion technique. The overall success rates were 97.5% for all three masks, with one failure of laryngeal mask airway insertion in each group. There was no statistical difference in airway sealing pressures between the PA laryngeal mask airway (17.9±5.9 cmH 2 O), MSL laryngeal mask airway (18.5±6.9 cmH 2 O) and cLMA (17.6±5.6 cmH 2 O) (P=0.816). There was no statistical difference in insertion times, ease of insertion, cuff pressure and cuff volumes. The MSL and PA disposable laryngeal mask airways provided comparable airway sealing pressures to the reusable cLMA.
The classic Laryngeal Mask Airway (cLMA) (LMA-Classic™, The Laryngeal Mask Company Limited, Henley-on-Thames, UK) is a reusable supraglottic airway device developed by Dr Archie Brain during the years 1981 to 1988 1 . Reusable laryngeal mask airways (LMA) require a process of washing and preparation for repeat use: however, it has been shown that even repeat autoclaving does not remove protein deposits, thus potentially allowing disease transmission through residual biological debris 2 . The increased awareness of possible cross infection associated with reusable airway devices has increased the use of single-use disposable LMAs manufactured from polyvinyl chloride (PVC). PVC contains chemicals called phthalates, such as di-2-ethylhexyl phthalate, which are used to increase the plastic's flexibility. These chemicals however are not linked to the plastic matrix and may slowly leach out during use 3 . Phthalates are potentially "carcinogenic, mutagenic and reprotoxic" 3 . In response to concerns with PVC LMAs, a number of disposable silicone LMAs have been manufactured, such as the Meditech Systems Limited (MSL) and ProAct (PA) LMAs.
We evaluated the use of the PA and MSL (disposable silicone) LMAs in adult patients undergoing general anaesthesia who were breathing spontaneously. The primary outcome variable was airway sealing pressure.
MATERIALS AND METHODS

Design
The study was approved by our institutional Human Research Ethics Committee. Following informed consent, 120 consecutive patients were prospectively enrolled and randomly allocated according to a computer-generated sequence to receive the PA LMA, MSL LMA or the cLMA for airway management during general anaesthesia. Once randomisation occurred, patients remained blinded to group selection (single blind).
Inclusion and exclusion criteria
Patients were deemed suitable for inclusion in the study if they met the following criteria; adult male and female patients of ASA status I through IV,
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Anaesthetic technique
Routine anaesthetic monitoring, as per the Australian and New Zealand College of Anaesthetists guidelines for general anaesthesia, was instituted 4 . Patients were not premedicated. Induction of anaesthesia involved the use of propofol 1 to 2 mg/kg, fentanyl (1 to 3 µg/kg), ± midazolam (0.025 to 0.05 mg/kg). After induction of anaesthesia, patients were ventilated using an anaesthetic facemask and oxygen with sevoflurane (end-tidal concentration at the discretion of the anaesthetist). Following classical insertion of the LMA 5 , patients underwent intermittent positive pressure manual ventilation until return of spontaneous breathing occurred. Maintenance of anaesthesia was achieved using sevoflurane (end-tidal concentration 2 to 3%) with an inspired oxygen concentration of 70 to 100%. No nitrous oxide was used. Metaraminol was administered when necessary to treat systemic arterial hypotension.
Insertion of supraglottic airway device
The size of the laryngeal mask was determined by patient weight and all routine pre-insertion tests of all devices were performed as per manufacturers' guidelines. The specialist anaesthetist responsible for administration of anaesthesia carried out the airway insertion. Sterile lubricating jelly was applied to the posterior surfaces and distal tips of all devices. All LMAs were completely deflated then 5 ml of air was inflated into the cuff before insertion. The airway device was inserted using the classical digital technique recommended by the manufacturers when loss of lash reflex and jaw tone allowed. The cLMA manufacturer guidelines recommend having an intracuff pressure of not more than 60 cmH 2 O to reduce pharyngolaryngeal injuries 6 . The LMA cuff was inflated with air to achieve an intracuff pressure of 60 cmH 2 O, which also provides other benefits such as reduced LMA displacement and more optimal seal as the soft cuff is more able to mould to the contours of the pharynx better than a tense, high pressure cuff [7] [8] [9] . Successful placement was confirmed by resistance to further downward movement of the device, adequate chest wall movement with assisted ventilation, observance of a square wave capnograph trace during controlled and spontaneous breaths and appropriate movement of the reservoir bag during spontaneous ventilation.
The airway sealing pressure was measured once successful placement had been confirmed. The airway sealing pressure was determined using a manometric stability test by closing the expiratory (adjustable pressure limiting) valve of the anaesthetic circuit, maintaining a fixed fresh gas flow of 3 l/min and noting the airway pressure equilibrium that occurred to a maximum allowable pressure of 35 cmH 2 O. Air entry into the stomach was assessed by auscultation over the epigastrium. Predetermined adverse events during anaesthesia were recorded, including regurgitation or aspiration, hypoxia (SpO 2 <90%), bronchospasm, airway obstruction and dental trauma.
At the conclusion of surgery, the anaesthetic gas mixture was replaced by 100% oxygen to allow patient recovery. When protective reflexes were noted to have returned to normal, the airway device was removed after deflation of the cuff. The device was inspected for secretions and blood.
Measurements
All recordings were made by an unblinded investigator who was not involved with the anaesthetic technique or insertion of the device. Variables studied were overall success rate for ventilation, number of attempts at insertion, ease of insertion using a verbal numerical scale, cuff pressure, time for airway insertion, resulting airway sealing pressure, laryngeal alignment and postoperative oropharyngeal trauma. Laryngeal alignment was recorded by placing a fibreoptic airway bronchoscope into the LMA and positioning the tip at its distal aperture. The view of the larynx through the airway device aperture was inspected and recorded as follows; grade I: vocal cords fully visible, grade II: vocal cords partially visible, arytenoid cartilages visible, grade III: epiglottis visible, grade IV: no laryngeal structure visible. Patients were interviewed upon discharge from the post-anaesthetic care unit for incidence of sore throat, dysphagia and hoarse voice and then again at 24 hours postoperatively.
POWER ESTIMATION AND STATISTICAL ANALySIS
Estimates of power and minimal group size were obtained by performing a forward-looking power analysis, based upon the airway leakage pressure of the cLMA to be 22±6 cmH 2 O (mean ± SD) 10 .
Using nQuery Advisor (Statistical Solutions, Boston, MA, USA) and assuming a 25% change in airway leakage pressure to be clinically significant, a minimum of 40 patients were required per group based on 80% power to reject the null hypothesis of no significance (P <0.05) in each group, using twotailed Student's t-test comparison between groups. Quantitative data was examined using a two-tailed Student's t-test (no difference between population means) if normally distributed and the Mann-Whitney U or Kruskall-Wallis test for non-parametric data (SySTAT v9, SPSS Inc. Chicago, USA).
Qualitative data (categorical scales) were assessed by chi-squared or by Fisher exact test where appropriate. All data are presented as mean ± standard deviation (range) or numbers (%). P <0.05 was considered statistically significant. Bonferroni's correction for multiple comparisons was applied to data analysed using Fischer's exact tests (P <0.025).
RESULTS
Baseline demographics were similar between groups, except that there were that there were proportionally more women than men in the MSL group (Table 1) . There was no difference in ASA status, airway assessment, duration of surgery or LMA size between groups ( Table 1) .
The overall success rates were 97.5% for all three masks, with one failure of LMA insertion in each group ( Table 2 ). The number of insertion attempts was also similar, with a successful first time insertion rate of 92.5%, 90% and 87.5% for the PA LMA, MSL LMA and cLMA respectively ( Table 2) . There was no statistical difference (P=0.816) in airway sealing pressures between the PA LMA (17.9±5.9 cmH 2 O), MSL (18.5±6.9 cmH 2 O) and (Table 2 ). There was a greater incidence of sore throat in the PA group compared to the cLMA and MSL groups ( Table 3 ). There was no difference in blood-staining, dysphagia and hoarse voice between the three masks ( Table 3) .
DISCUSSION
Airway sealing pressure
Both the PA and MSL LMAs demonstrated similar airway sealing pressures to the cLMA as hypothesised. The mean sealing pressure of 18 cmH 2 O was in the lower end of that in existing literature [10] [11] [12] [13] [14] [15] [16] [17] . This occurred despite having a single data collector and employing the manometric stability test, which is described as having a greater inter-observer reliability, reduced investigator bias and producing higher mean values than other tests 18, 19 . This may be due to several reasons. First, we allowed the airway pressure to rise only to a maximum of 35 cmH 2 O to minimise the risk of gastric insufflation, unlike other studies that allowed maximum pressures of 40 cmH 2 O. Second, sizing was primarily weight-based, as instructed by the manufacturers. Studies reviewed which had higher mean sealing pressures than ours employed sizing selections based either on a gender system, with size 4 for women and size 5 for men, or a height system, with size 4 for <165 cm and size 5 for >165 cm. These two approaches have been shown to provide higher sealing pressures than the traditional weight-based criteria 8, 20, 21 . Our study showed a similar mean sealing pressure to those by Akca et al 19 and Hanning et al 22 , which also employed weight-based size selections.
Ability to establish an adequate airway
We demonstrated similar first time insertion success rates between the three devices and an overall success rate of 97.5%. Mean insertion times ranged between 34 to 39 seconds, which is clinically acceptable. Ease of insertion using a verbal numerical scale was similar between groups.
One case of gastric regurgitation with no pulmonary aspiration occurred in a well-fasted PA patient on transfer to the post-anaesthesia care unit. The patient did not have any adverse sequelae or delay in discharge.
Cuff pressures
End cuff pressures of all the LMAs were statistically similar (P=0.359). The silicone cuff of the LMAs studied are known to be readily permeable to nitrous oxide and less so with oxygen 23 , hence we avoided nitrous oxide anaesthesia. The maintenance of an intracuff pressure of 60 cmH 2 O is beneficial in preventing premature rejection and displacement of the LMA, producing a better seal and also preventing postoperative morbidities such as sore throat, nerve damage and dysphonia 7, 24, 25 .
Laryngeal alignment
In four patients the bronchoscope was unavailable to assess laryngeal grades. These were excluded from further analysis. The PA LMA was found to produce better laryngeal alignments than the MSL LMA or cLMA (P=0.005). We are unsure why this occurred, as the three masks are similar in dimensions. Differing manufacturing processes and differing grades of medical grade silicone may have stabilised the PA LMA cuff more effectively. Further studies would be required to confirm this. The importance of having a better laryngeal alignment in routine practice is controversial, as clinically acceptable airways can be obtained even with less than ideal alignment 26, 27 . However, a better alignment around the laryngeal opening theoretically enables the cuff to form a superior seal with less risk of gastric insufflation and consequent pulmonary aspiration 8, 28, 29 . Good laryngeal alignment also increases the suitability of the airway to be a conduit for bronchoscopy and intubation in the difficult airway or emergency setting 30 .
Airway trauma and sore throat One patient in each group required an alternative airway device to achieve a satisfactory airway and ventilation. These patients were excluded from the data analysis for airway trauma, dysphonia and sore throat due to the high likelihood of requiring endotracheal intubation. Our rates of airway morbidities are within the range of those reported in the literature (Table 3) 31 . There was no statistical difference in the incidence of blood and vomit staining, dysphagia and hoarse voice between the LMAs. The PA LMA, however, was associated with a greater proportion of sore throat than the cLMA (Table 3 ) and it is known that even minor morbidity may reduce postoperative patient anaesthetic satisfaction 32, 33 . Larger studies would be required to confirm this finding.
Limitations and future directions
The nature of the study made it impossible to blind the observer or participating anaesthetists, which could be a potential source of bias. However, the anaesthetists had no conflicting interests with the study and standardisation of the anaesthetic and insertion techniques should have minimised any potential bias. It is known that short-34 and long-term learning curves 35 exist for LMA usage. We believe that having a variety of specialist anaesthetists experienced in LMA insertion techniques presents a more realistic picture of how well the LMAs will perform in a clinical setting, and enhances the generalisability of the study. Future research should address the use of PA and MSL LMA during nitrous oxide anaesthesia, the potential for their use as a conduit for intubation and their role in the emergency setting.
The Meditech Systems Limited and ProAct disposable LMAs provided comparable airway sealing pressures to the re-usable cLMA.
